ABSTRACT
hepatitis, HIV-hepatitis D co-infection, hepatocellular carcinoma, malignity, immunosuppressive condition and cirrhosis was considered as an exclusion criterion.
Written consents of the patients and approval of the ethics committee were obtained for the study. Patient blood samples were taken on the day of biopsy from the patients who were included in the study, at the beginning and end of the treatment from the patients who were administered an IFN therapy and at the time of enrollment from the healthy individuals in the control group. The blood samples were centrifuged at 3000 cycles for 5 minutes to obtain their serums. The serum samples were stored at -80oC until the study process. NP level measurements from the patients' serum samples were carried out on a Biotek brand ELISA device using a Brahms brand ELISA kit at the Research Laboratory of Biochemistry Department in Meram Faculty of Medicine. The normal value interval of the kit was 5.4±2.3 nmol/L. The ALT and AST measurements from the blood samples taken from these patients were carried out at the Central Laboratory of Meram Faculty of Medicine, viral markers were studied using the macroELISA method and the HBV DNA test using a Real Time PCR Detection System device at the Microbiology Laboratory.
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) 13.0 software. Chisquare test was used in analyzing pair groups, T Test in independent groups and Kruskal-Wallis variance analysis in stage-based comparisons, and then a Mann-Whitney U test with Bonferroni correction was conducted. Pearson's and Spearman's correlation analyses were used to assess correlations. P<0.05 was considered statistically significant.
RESULTS
A total of 151 cases, 79 being patients and 72 control group members, were assessed in this study. The demographic characteristics of the cases are presented in Table 1 . The NP levels in patients with CHB and CHC
INTRODUCTION
Neopterin (NP) is a pteridine derivative that is secreted by macrophages and monocytes through a primary IFNgamma stimulation occurring as a result of the activation of the cellular immune system (1-4). The NP concentrations in body fluids also show interferon-γ presence. Therefore, NP is regarded as a sensitive indicator of cell-mediated immunity (1, 3, 5) . The relationship of NP production with cellular immune activation has been evidenced in a large number of clinical and experimental studies carried out to date and a considerable increase has been found in NP levels in body fluids during bacterial and parasitic infections and particularly in viral infections, all of which trigger cellular immune response (3, 6, 7) . A necrosis is seen in chronic hepatitis, which is composed of lymphocyte and plasma cells that are spread over parenchyma and perilobular areas. The IFN-gamma secreted from T lymphocytes activates macrophages and the NP released from these activated macrophages may be an indicator of inflammation in a chronic liver disease (8, 9) .
Interferons have various functions such as regulating cellular immunity and antibody synthesis, improving antigen expression and identification, and increasing NK cell activity (10, 11) . By increasing the Major Histocompatibility Complex (MHC) class I molecules on the surface of the hepatocyte cell, interferon enables identification of virus antigens on the surface of the infected hepatocyte by cytotoxic T cells and destruction of the infected hepatocyte (11, 12) . The objective in this study was to explore the relationship between the NP levels and the disease and the role of in determining the efficacy of interferon (IFN) therapy in patients with CHB and CHC. Table 1 . Demographic Characteristics of Cases were found significantly higher than those in the control group (p=0.001) ( Table 2 ). An IFN therapy was administered to 22 patients from 49 patients with chronic hepatitis B. When the mean pretreatment and post-treatment serum NP levels of the patients who received an interferon therapy were compared, their post-treatment NP levels were found higher. This was statistically significant (p=0.001) ( Table 3 ). The patients were divided into two groups according to their response to the treatment. Six patients who received interferon therapy were considered non-responder to the treatment due to virologic and/ or biochemical lack of response, whereas response was obtained from 16 patients after the treatment. The pretreatment and post-treatment serum NP levels of these patients were compared. The post-treatment serum NP levels were found higher than the pretreatment serum NP levels in the group from which response was obtained and this difference was statistically significant (p=0.001). No statistically significant difference was found between the pre-and post-treatment serum NP levels in the group that did not respond to the treatment (p>0.05) ( Table  4) . Interferon+ribavirin therapy was administered to 23 patients with chronic hepatitis C. The pretreatment and post-treatment mean serum NP levels of the patients who were administered treatment were compared. Their post-treatment NP levels were found to be higher. This difference was statistically significant (p=0.001) ( Table  5 ). The patients were divided into two groups according to their response to the treatment. While post-treatment response was obtained in 14 patients who were administered treatment, 9 patients were assessed as nonresponders due to virologic and/or biochemical lack of response. The pre-and post-treatment serum NP levels of the patients who responded and did not respond to treatment were compared. The post-treatment serum NP levels of the patient group who responded to the treatment were found to be significantly higher than their pretreatment serum NP levels (p=0.003). No significant difference was found between the pre-and post-treatment NP levels in the patient group who did not respond to the treatment (p>0.05) ( Table 6 ).
MATERIALS AND METHODS

This
DISCUSSION
In chronic hepatitis, the IFN-gamma secreted from T lymphocytes activates macrophages and NP is released (13, 14) . In the study made by Kalkan and associates (15) on 89 patients and 40 healthy adults, the mean serum NP levels of the patients with CHB were found to be significantly higher than those of the healthy adults (p<0.001).
Grüngreiff and associates (16) found in their study on 16 patients with CHC that the serum NP levels of the patients were higher than the serum NP levels of the control group. Demirturk and associates (17) divided the patients into three groups in their study on 90 patients and 30 healthy adults. They included non-replicative HBV carriers in the first group, patients with HBsAg (-), Anti-HBcIgG (+) in the second group and patients with CHB in the third group. The serum NP levels in all these three groups were found significantly higher than those in the healthy control group. In our study, the serum NP levels of the patients with CHB and CHC were also higher than the serum NP levels of the control group. This difference was statistically significant (p=0.001, p=0.001). The high NP level in patients with chronic hepatitis B and chronic hepatitis C was linked to the stimulation of cellular immune system.
The NP levels seem to increase in patients undergoing an immune-stimulator treatment. This may be caused by induction of the immune-regulatory cascade that stimulates IFN-γ secretion (3). With interferon alpha therapy, both monocyte-macrophage activation and NP levels increase. Interferon alpha is a pleiotropic cytokine. It produces a direct antiviral, immune-modulator and pro-antiinflammatory action. The increase in neopterin during an IFN-alpha based treatment is due to the pro-inflamma-
Neopterin (nmol/L) 10.02±3.4 11.77±5.0 8.10±2.8 While the NP levels increased in the group who received telaprevir+IFN or IFN+placebo, the ALT levels decreased (both were statistically significant). This shows that IFN reduces hepatocyte damage, but increases monocyte/ macrophage activity. The decreased levels of NP and ALT in the group who received only telaprevir shows that telaprevir reduced both monocyte/macrophage activity and hepatocyte damage.
In the study made by Grüngreiff and associates (16) on 16 patients with CHC, the patients were administered an IFN-alpha therapy for an average of 7 months. The patients were divided into 3 groups according to their response to the treatment as responders, partial responders and non-responders. The patients' NP values were measured before, during and after the IFN alpha therapy and after a 6-month follow-up. The pretreatment NP levels of all the patient groups were found higher than those of the healthy controls. It was shown that the NP levels of the entire patient groups had increased in the course of the IFN alpha therapy and at the end of the therapy the NP levels of the partial responders were the lowest, whereas the NP levels of non-responders were the highest. In the study of Daito and associates that included 14 patients with chronic HBV infection, the patients were administered an IFN therapy. The serum NP levels of the patients were measured at the beginning, during and after completion of the treatment. A week after the onset of the treatment, the serum NP levels were found significantly higher in both groups as compared to those at the beginning of the treatment. However, after this, the serum NP levels decreased gradually during the IFN therapy and they quickly returned to their baseline levels at the end of the treatment. In the present study, the posttreatment serum NP levels of the patients with CHB who received interferon monotherapy for one year were significantly higher than their pretreatment serum NP levels (p=0.001). The patients were divided into two groups according to their response to the treatment. The pre-and post-treatment serum NP levels of the responders and non-responders were compared. The post-treatment serum NP levels were significantly higher than the pretreatment serum NP levels in the group from whom response was obtained at the end of the treatment (p=0.003).
There was no significant difference between the pre-and post-treatment NP levels in the patient group who did not respond to the treatment. In our study, the NP values at the end of this 1-year pegylated interferon alpha and/ or ribavirin therapy were found higher than the initial NP values without differentiating between the responders and non-responders (the number of responders were more). This highness was attributed to the immune-modulator effect of interferon. Our results were consistent with those of Gelderblom et al. (18) to the treatment was correlated with neopterin concentrations. They found that before the antiviral treatment the response to treatment rates of the patients whose serum neopterin levels were ≤16 nmol/L were higher than those of the patients whose serum neopterin levels were ≥16 nmol/L. Thus, they concluded that the neopterin levels measured before an antiviral treatment could be used for response to treatment estimates. In most of infections, when a comparison is made before and after an infection treatment, a decrease is seen in NP levels because of the decline in immune system activation at the end of the treatment. However, when the disease is treated with an IFN therapy, which is a treatment that stimulates the immune system, the NP level remains high at the end of the treatment in connection with the IFN therapy. Going through the literature, there was not any study where the measurement of post-treatment neopterin levels of patients with CHB and CHC who received an antiviral treatment was assessed against the patients' response to the antiviral treatment. Our study suggests that neopterin can be used in determining the efficacy of interferon in treating chronic hepatitis. The conflicting results between the NP level and specific parameters of CHB and CHC in the literature show that there is need for further studies. 
